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I. Statement of the Problem 
Many high school students, when asked why they are not 
electing mathematics in their junior or senior year, reply 
that they just don't like the subject or are afraid that they 
will not do well. Without much doubt, the major factor under-
lying this dislike is "poor" attitude toward, and, indeed, 
fear of mathematical language and operations. This resulting 
anxiety is cumulative from year to year as the difficulty of 
the subject matter increases, and proves fatal long before 
many students reach the calculus or higher mathematics. As a 
result, those individuals qualified and able to pursue courses 
of a technical nature are far fewer than otherwise might be 
the case. Pupils, unable to understand the basic concepts of 
arithmetic, algebra, and geometry, often resort to memorization 
of methods (rules) and formulae as the only way to gain a satis-
factory grade in mathematics and be done with it. 
Jean Piaget, in an article about the formulation of 
mathematical concepts, 1 states that children obtain true under-
standing of mathematical concepts through a logical, spontane-
ous method consistent with the individual's mental age. If 
this is true, then it seems that children of average or better 
IQ's have the ability to comprehend the symbolism and abstractions 
1Jean Piaget, "How Children Form Mathematical Concepts," 
Scientific American, November 1953, pp. 74-79. 
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with which mathematics operates, but , in actual experience, 
some of them become hopelessly lost in algebra and geometry. 
Why does this occur? The only logical explanation seems to be 
that real understanding does not take place, and one reason for 
this may be that the student is floundering in the abstractions 
of a new language quite foreign to him. It is interesting to 
note at this point that many kindergartens and grade schools 
today introduce youngsters to integers and other mathematical 
operations by use of such aids as the ancient abacus. Certainly 
in t hese early school years to represent, let us say, two apples 
by the symbol "2'' is requiring the young mind to comprehend just 
as difficult an abstraction as t he x's and y's or the parallel-
ism and congruencies of algebra and geometry. Yet it is defi-
nitely felt by those using these aids that such things as the 
abacus have given small children a far better understanding of 
number and greatly facilitated their ability to operate with 
these symbols. 
To return to the secondary level, however, exactly how 
do students react to the abstract ions of their mathematics? 
This might be most readily summarized in their attitude toward 
the subject, yet then we face the problem of how to measure 
attitude. Actually there are several methods which might be 
employed to measure attitude; foremost among them being the 
Thurstone "opinion" procedure. In this method the subject 
ultimately is asked, either by direct interview or by question-
naire, to indicate which opinions most resemble his own, and 
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here the validity of the instrument may be questioned. Cer-
tainly the average student queried ·Will consciously or uncon-
sciously check those opinions which place him in the best light 
regardless of his true feelings towards mathematics. The degree 
to which this does or does not take place is impossible to as-
certain. Other attitude scales also seem to face this "public 
versus private" opinion dilemma. With this problem well i n 
mind, it seemed wise to resort to a more indirect or subtle 
method of obtaining student reaction. 
Most psychologists agree that a person's attitude deter-
mines what he will perceive and how he will behave in a gi ven 
situation. For example, two spectators seated in the stands 
watching the deciding game of a World Series would undoubtedly 
rule any close play in favor of their team regardless of the 
actual circumstances of the action. Furthermore, if a group 
of people chosen at random in some community were shown a 
religious painting of considerable pathos, they would react 
emotionally to a greater or less extent according to their 
particular attitude toward religion and according to whether 
this particular painting had symbolic meaning within the con-
fines of their faith. Here we move into the realm of projec-
tive psychology. Could the techniques of this young science 
be employed to give clearer insight into the reactions of 
secondary school students towards the symbolism and abstrac-
tions of mathematics? More precisely, if subjects were con-
fronted with symbolic or thematic representations of mathematics, 
would their reactions be of value in the development of an 
instrument which later could be used to measure attitude? 
• Here, in the statement of the problem, I wish to make it 
quite clear that I am divorcing myself from the more ambi-
tious problem of actually measuring student attitude towards 
mathematics. The problem is one of investigating individual 
reactions to pictorial representations of mathematical sym-
bols and concepts. What symbolism? This perhaps can best 
be defined in a separate chapter. 
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II. Symbolism in Mathematics 
The symbolism and abstractions of mathematics consti-
tute a new language quite foreign to the secondary school 
student. Certainly this statement deserves further develop-
ment. James Haig in his book entitled Symbolism says: 
••• the natural mental capacities of children 
for perceiving the necessary relations of arith-
metical numbers, or musical tones and harmonies, 
or of geometrical quantities, vary as much as 
does the muscular strength of the body in differ-
ent children.l 
These words were written many years ago, but I think they 
help to underscore a fact still widely accepted. All chil-
dren differ in their intellectual capacity as a result of 
the combined influences of heredity and environment. One 
facet of this "capacity" is the child's ability to perceive 
abstractions, generalizations, and symbolism; especially 
those mathematical. 
Through grammar school to grade seven (in most schools) 
the child is working with numbers. Whether he fully under-
stands the nature of the symbols with which he is dealing is 
another question, but certainly he becomes quite familiar 
with them over the years. New operations are introduced 
from time to time, but basically the symbols remain the same. 
1James Haig, Symbolism, William Blackwood and Sons, 
Edinburgh and London, 1869, p. 56. 
The tempo changes markedly upon his introduction to 
algebra and geometry. The student is told, for instance, 
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that x, y, and z represent some unknown quantities while a, b, 
c stand for certain constants. Perhaps the student tries to 
associate these literal numbers with some concrete model. Up 
to this point in his education they were a part of his alpha-
bet used in reading and writing, but certainly not anything 
mathematical. Perhaps the teacher, in introducing the alge-
braic concept of unknowns, relates their identity to specific 
concrete objects. Unfortunately it is not known exactly what 
occurs in a student's mind at this stage, but it appears to 
be a crucial point. Will the student treat this new symbolism 
as transcending that symbolized or will he become confused and 
lost in a mass of abstraction which, for him, seems to be in-
definite and a sort of "black magic." 
Tobias Dantzig in his book, Number, 1 traces the develop-
ment of symbolism in algebra. It is said to have passed through 
three distinct phases: rhetorical, the syncopated, and the 
symbolic. The Greeks used rhetorical algebra almost exclu-
sively; this being characterized by the absence of all symbols 
as such. (Strictly speaking, words are symbols, but we are 
interested in the more abstract representation.) An example 
of this rhetorical algebra would be "the product is independent 
of the order of the terms." Symbolized: ab = ba. In his 
1Tobias Dantzig, Number, The Language of Science, Double-
day Anchor Books, Doubleday & Co. Inc., New York, 4th edition, 
1954. 
book Dr. Dantzig infers that the great ambiguity of words 
allows for much misinterpretation by individuals, and, for 
this reason, rhetorical algebra is unsatisfactory. In a 
sense the word problem of today's standard algebra text is 
rhetorical, and few teachers need be reminded of the diffi-
culty experienced by most students here. 
The next step in this evolution of symbolism was syn-
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copated algebra. Here we find certain common words shortened 
or abbreviated to form symbols. The extensive writings of 
Ahmes suggest that the Egyptians were frequent users of synco-
pated algebra, but, again, these abbreviations suggest certain 
"preconceived notions" according to Dantzig, and, therefore, 
were not entirely suitable for the mathematician. 
A Frenchman, Franciscus Vieta, was the first to intro-
duce the symbols or letters into algebra. He let certain 
capital letters such as "A" stand for an unknown quantity. 
Today we use "x" and Professor Dantzig states: 
• • • the A of Vieta or our present x has an exis-
tence independent of the concrete object which it 
is assumed to represent. The symbol has a meaning 
which transcends the object symbolized: that is 
why it is not a mere formality.l 
It is precisely at this level of abstraction, however, 
that we may lose the young mind. Is he capable of divorcing 
the symbolism from the concrete? Think of the topics covered 
by a high school student in algebra: quadratic equations, 
1Dantzig, p. 89. 
8 
exponentials, logarithms and imaginary numbers to mention but 
a few. Whereas he had a number of years to become reason-
ably familiar with the number system (even though he was 
thinking there in terms of the concrete), he has no~ a com-
paratively short time to digest these new ideas, and all of 
them, of necessity, contain much symbolism. 
The situation is slightly different in geometry for 
it is possible in plane, Euclidean geometry for the student 
to see applications in the world about him. Even in geometry, 
however, we expect that the clean-cut, pen and ink drawings 
of various theorems and originals will have a unique meaning 
to students studying the subject, yet how often these draw-
ings appear differently to them or are construed by them into 
representations that were never intended. 
Think of the symbolism in trigonometry with functions 
of angles, to the "shorthand" of analytic geometry, and, now, 
differential and integral calculus. Mathematical symbolism 
is highly refined, but is it possible for the average student 
to digest it all and to become so familiar with the basic 
concepts that he may skillfully employ them at a later date 
to assist him in higher mathematics? The symbolism used in 
mathematics is, of course, an exceedingly beneficial short-
hand. This becomes especially apparent if one sits down and 
attempts to write out the essence of certain algebraic expres-
sions or equations in English. But today a child is under 
considerable strain to master a great deal of material in 
all fields: languages, social studies, humanities, and the 
sciences. All these demand some mode of communication for 
expression, and this, in turn, is based on pure symbolism; 
abstractions of one sort or another. 
Man's thoughts and conceptions are easi ly 
shown to be more perfect than all his signs, sym-
bols and languages yet invented. His intellect 
is pure mind, but his symbol s are involved and 
complicated with matter. 1 
In mathematics the greatest difficulty, as mentioned 
earlier, is that all symbols evoke certain concrete images 
in the minds of individuals. Who can say how many distinct 
images are possible for each symbol? In order to be able to 
analyze this, it is necessary that we develop some technique 
for recording student reaction. As we suggested earlier, 
here we enter the field of pro j ective psychology. 
1Haig, p. 149. 
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III. Summary of Past Research 
Projective psychology is still a comparatively new 
field. This can be seen in the fact that the assumptions, 
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hypotheses, and propositions have not been highly organized. 
However, the basic ideas upon which it rests, can be expressed. 
It has been said1 that the term "projection" was first intra-
duced by Freud in 1894 as a "defensive mechanism" used by an 
individual to transmit his own feelings, or attitudes to 
other people or the outside world in general. Although this 
theory was quite liberally expanded and used in many of the 
clinical approaches to projective psychology, it remained 
for Freud to verbalize the underlying principles once again. 
His main assumption is that "memories of percepts 
influence perception of contemporary stimuli." In other 
words, a person's perception of a particular picture or event 
is influenced by past percepts relevant to the present stimu-
lus. For example; a child viewing a scene of a mother and 
her baby will interpret it according to his feelings towards 
his own mother. Therefore, the present dynamic theory of 
projective psychology rests on the fact that all present per-
ceptions are influenced by past perception. 
1Leopold Bellak, "A Theory of Apperceptive Distortion," 
in Projective Psychology, Lawrence Edwin Abt and Leopold 
Bellak, editors, Alfred A. Knopf, New York, 1952, p. 8. 
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From here experimentation takes many associated but 
different paths. It includes the Rorschach and Thematic 
Apperception Tests concerned with the reactions to certain 
pictori al configurations or representations, the mosaic tests 
concerned with the patterns or designs developed by children 
with colored glass, and the Szondi test which is interested 
in a subject's choices of photographs depicting such misfits 
as murderers, epileptics, and sexual deviates. Of these, the 
two methods which appealed to the author for adaptation to a 
mathematical situation are the Rorschach and the Thematics 
Apperception Tests and, therefore, they shall be discussed 
further. 
The Rorschach test is intended to reveal information 
about an individual's total personality, and is named after 
Herman Rorschach, the famous Swiss psychiatrist. The method 
consists of interpretation of "accidental" forms produced by 
the spilling or splashing of ink on a piece of paper. To 
produce symmetry and also to assist certain subjects in the 
interpretation of the resulting _forms, the paper is folded 
after the blot has been made. 
The philosophy upon which the theory rests is that 
the subject can describe what he perceives in each blot only 
within his own frame of reference, ulife space," which consists 
of his past and present experiences, his aspirations, and his 
attitudes. Each subject is allowed to view the plates upon 
which the blot appears for as long a period as he is able to 
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see the forms thereon. He is rated according to whether these 
blots represent homogeneous forms, whether he sees motion, 
whether color is a determining factor in the appearance of 
forms and whether he moves syst ematically from a description 
of the whole to that of associ ati ve details. 
The administration of this test and its interpretation 
must be accomplished by a highl y trained technician or psychia-
tri st to be of value. Once accomplished the subject is classi-
fied as normal, feebleminded, manic-depressive, schizophrenic 
to mention a few of the possi bl e classifications. 
This technique has proved of value to educators in pro-
viding additional information for student files to be used in 
conjunction with intelligence scores such as the Stanford-Binet 
and Ket Kohs series. As one of her conclusions in the study 
of The Value of the Rorschach Technique in Guidance Counsel-
ing, Margaret B. Wilson states: 
The Rorschach has been found to be of value in 
guidance counseling in furnishing additional informa-
tion not revealed by the case record or the teach-
er's estimate in verifying symptoms furnished in 
the case record, and in making differential diagno-
ses of problem oases.l 
A drawback to the use of the Rorschach method is, as 
mentioned above, the training required before a tester is 
qualified to administer and to interpret the results. This 
1Margaret Boyd Wilson, The Value of the Rorschach 
Technigue in Guidance Counseling, Unpublished Thesis, Boston 
University School of Education, 1942. 
is especially true inasmuch as any deviations from the norms 
must be determined purely by subjective means. 
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Another method employed extensively in projective 
psychology is The Thematic Apperception Test. In this proce-
dure the subject is confronted with pictures usually including 
definite human forms and involving an ambiguous situation. 
The subject is then asked to write a story about this picture. 
Research reveals that the first study of this sort 
occurred in 1907 by H. L. Brittain in "T:p.e Pedagogical Semi-
nary." He presented several pictures of a very ambiguous 
nature to a group of children, and simply asked that they 
write a story about what they saw. The results revealed a 
definite serious trend from the young ladies with their stories 
centering around religious, moral, and social elements while 
the boys chose to discuss consumption of food. Libby's study, 
following Brittain's lead, showed in 1908 that children move 
from the objective to the subjective between the thirteenth 
and fourteenth year. 
Credit for the first actual Thematic Apperception Test 
is given Morgan and Murray in 1935. Once again, like the Ror-
schach Test, the studies in this field were primarily designed 
to reveal information about an individual's total personality. 
The hypothesis upon which the theory rests is that an individ-
ual confronted with an ambiguous situation and asked to inter-
pret it is quite likely to reveal his own personality. It 
was felt that this subtle approach caught the subject more 
unaware. He was not as apt to spend time trying to guess 
what the examiner was investigating, and therefore, would 
write more freely of his true feelings. One significant 
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fact learned from this study was that far more was discovered 
about the individual's personality if he was asked to write 
a dramatic story about the picture. 
The problem of validity in the Thematic Appe~ception 
Tests is probably more acute than in the Rorschach Test. 
Briefly~the methods that could be used include a comparison 
of TAT with historical sketches and other past data of the 
subject, the comparison of TAT with other projective tech-
niques such as the Rorschach Test, and a comparison of TAT 
results on subjects whose personality is well known. Although 
much clinical work is necessary to produce really valid re-
sults in the thematic approach, a reliable correlation coef-
ficient*as high as 0.95 was once attained by a group of 
Harvard research psychologists. However, at this stage of 
development, it has generally been felt that it is better to 
allow free reign for research no matter what direction this 
may take rather than to attempt to produce a really valid 
test for all circumstances. 
Another test which should be mentioned is the Kent-
Rosanoff Free Association Test. Although this does not per-
tain to pictorial representations, it is a study of reactions 
and, as such, has significance for this paper. In essence 
the Free Association Test requires that the subject record 
~ --Should- --read: correlation coefficient of reliability 
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his reactions to certain stimulus words printed on a sheet 
of paper. Frequency tables have been established by adminis-
tering the test to one thousand normal subjects, and, by com-
paring subsequent responses to these "norms," it may be pos-
sible to detect complexes that exist or perhaps even patho-
genic, subconscious ideas. 
Certainly~this chapter would not be complete without 
mention of the intelligence tests such as the Stanford-Binet 
or the Wechsler-Bellevue series. Projective techniques are 
used here. For example, in the revised Stanford-Binet Test 
for age 12, the subject is asked for his reaction to a pic-
ture of a "messenger boy."1 The responses are graded as 
plus or minus on the intelligence scale in accordance with 
prior established norms. On the tests given to younger chil-
dren we find picture vocabulary being used extensively. 2 The 
child is shown a series of cards with pictures of common 
objects, and he is required to identify them. 
It is interesting to note that, as we approach the 
"average adult" or "superior adult" tests, the picture tests 
are discontinued, and, in their place, abstract words, pic-
ture absurdities, and analogies are substituted. One might 
have thought that abstract forms or shapes would have been 
appropriate, but, for the purposes of measuring intelligence, 
1Lewis M. Terman and Maud A. Merill, Measuring Intel-
ligence, Houghton Mifflin Co., Cambridge, 1937, p. lll. 
2Ibid., p. 77. 
evidently such pictures did not prove useful. 
Although this discussion has not described each pro-
jective technique in turn, a sufficient number of the methods 
have been outlined to familiarize the reader with the under-
lying principles of this psychological approach to the study 
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of personality. It is the word personality, of course, which 
should be emphasized in summary. Except for the intelligence 
tests, each of the techniques mentioned above are concerned 
with determining all it can about an individual's total per-
sonality, and indeed whether or not there is anything patho-
logical in his make-up. Furthermore, it has been seen that 
these methods are exceedingly difficult to employ, and require 
well-trained technicians if results of value are to be obtained. 
Our purpose, on the other hand, is not necessarily to deter-
mine whether an individual has a complex or a mental disorder, 
but rather to see if projective techniques of this sort may 
also be used to measure one facet of personality, namely 
interest. 
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IV. Description of Procedure 
To apply the techniques of projective psychology to 
my problem I decided to use methods similar in concept to 
the Rorschach and Thematic Apperception Tests. Specifically, 
I purposed to confront my subjects with (1) a set of cards on 
which appeared various symbolic notations common in high school 
mathematics, and (2) a picture purposely orientated toward 
mathematics about which the student might write freely. My 
assumption here and the one on which this whole study rested, 
was that an individual will recognize the symbolism as mathe-
matical to a greater or lesser extent according to his interest 
in or aptitude for mathematics. Likewise, when asked to write 
a paragraph about a picture with an undeniable mathematical 
theme, one is likely to reveal some "feeling" toward the sub-
ject. In both cases I was interested solely in the subject's 
reactions. The problems entailed in designing the cards and 
finding suita~le pictures were manifold. 
In the development of symbolic notations two essential 
requirements had to be met. In contrast to the Rorschach-
test where we saw that the ink blots were accidental forms, 
these notations were decidedly mathematical except for the 
''dummies" which will be described later. Secondly, the symbol-
ism. generally, was that used by any secondary school student 
at some time in his study of mathematics. In two or three 
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cases, the symbolism was purposely chosen from areas slightly 
in advance of the average high school senior. 
In choosing these configurati ons aid was sought from 
numerous text books. Common notations from arithmetic, 
algebra, geometry, trigonometry, and analytic geometry were 
recorded and an original set chosen. An attempt was made to 
maintain a balance between the various areas of mathematics 
mentioned, but it was found especially difficult to find 
appropriate symbolism embodying the essentials of algebra. 
This may have been due to the fact that notation was sought 
which was sufficiently ambiguous to have been appropriate in 
a projective technique, and much of the rudimentary notation 
of algebra is not. This sounds like a bizarre contradiction, 
but let me clarify the point further in a separate paragraph. 
The notations which seem to cause trouble for students 
in mathematics are those which they do not fully understand, 
and often, though not always, this difficulty stems from an 
ambiguity in interpretation of the symbol or drawing itself. 
For example: a circle represented diagrammatically is recog-
nized as such without difficulty, but add tangents from a 
point outside, and you have an "ice cream cone," a "cheer 
leader's megaphone" and many other interpretations. In high 
school algebra most of the notations seemed to fall in the 
first category. Symbols such as X,Y,Z are identified by the 
subject as the familiar letters of the alphabet, but such a 
reaction is of no value in determining whether or not the 
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application to mathematics is understood; in determining 
what level of abstraction the student has mastered. Nothing 
is gained from symbolism having a unique interpretation. Of 
course, at a later stage we have combinations such as ~~y~ 
but, at the typical high school level, this would not be 
common. 
When a working set of drawings or mathematical symbols 
had been chosen, they .were drawn on tracing paper, and blue-
prints run from these. The results were not too satisfying 
in that the hazy, indistinct effect of the blueprint left 
much to be desired. Nevertheless, it was decided to use this 
set as a "test run," and to weed out undesirable notation. 
For the final printingjmultilith would be utilized. Before 
this set was used, one further adjustment was made. 
If a person were to be confronted with a series of 
drawings . all of which were mathematical in nature, he might 
well "become educated" to the game simply by the uniformity 
of subject matter. It was necessary to intersperse the deck 
with forms chosen at random which had no particular connection 
with mathematics. This was accomplished by choosing several 
simple pen and ink drawings from Webster's dictionary. Now 
we have the set which appears in the appendix, page 68. What 
are these forms? An explanation is in order. 
The drawings are numbered in the appendix from one to 
twenty-six. The author's reactions are listed below, but care 
must be taken not to use these as "the" answers. At best they 
I. 
I 
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represent one set of reactions. Many different replies for 
the same drawing may be found, yet they may all have signifi-
cance to the mathematician in varying degrees. In other words, 
were we interested in scoring the results, the evaluation, 
of necessity, would be purely subjective. 
Preliminary Test Set (See Appendix) 
l. An hourglass (dummy) 
2. Biunique correspondence between the points of two 
segments of different lengths 
3. Construction for inscribed hexagon 
4. Arithmetic operations 
5. Two parallel lines cut by a transversal 
6. Exclamation point (dummy) 
7. Summation ab 
8. Pyramid 
g. Set theory 
10. Graph of sine and cosine functions 
ll. Bass Clef:~ (dummy) 
12. Pythagorean theorem 
13. Coordinate System 
14. Coaxial planes 
15. Number theory--Triangular & Square Numbers 
16. Greater than or equal to--Less than or equal to 
17. Leaf (dummy) 
18. Trigonometry 
19. Non-parallel lines 
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20. Cycloid 
21. Algebraic unknowns 
22. Circle with two tangents drawn from one point 
23. Pi 
24. A function of "x" 
25. Algebraic brackets 
26. Solution of cubic equation (graphic) 
Two study classes at the high school in Wellesley, 
Massachusetts were used to test the first group of notations. 
Both classes were heterogeneous groups and numbered approxi-
mately twenty-five students each. Inasmuch as my main interest 
at this point was that of weeding out unsatisfactory symbolism, 
I shall not make an attempt to record all the reactions. This 
trial run showed the following weaknesses in the deck: 
1. The algebraic unknowns X,Y,Z, #21, having a unique 
identity as letters of the alphabet, were recorded as such in 
one hundred percent of the cases. It was discarded. 
2. In the summation configuration, #7, the subscript 
"i" was too large and may have misled some individuals. It 
was re-drawn. 
3. The set theory, #9, tempted the majority of sub-
jects to indicate "Ballantine Beer" as is seen in the famous 
advertisement of this product. A more suitable notation in-
volving ellipses was devised. 
4. The axes for the coordinate system, #13, were 
extended in an attempt to be consistent with the usual 
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representation found in texts. 
5. The equal signs in #16 were shortened to conform 
with the more popular form of these symbols. 
6. Pi, #23, was re-drawn. It had not been drawn in 
a manner that is common to most textbooks and thus it was mis-
interpreted as perpendicular lines in numerous instances¥ 
7. The dummy forms appeared ill chosen. In order to 
be consistent with the philosophy behind the selection of 
the other notations, it was felt that a more ambiguous or 
less unique set of "dummy" forms would be advisable. 
The second part of the instrument was to consist of a 
picture or series of pictures which could be adapted for use 
in a Thematic Apperception procedure. In other words, photo-
graphs depicting situations of a typical mathematics classroom 
were to be handed to each subject, and the latter was to write 
a short paragraph concerning what was going on in the picture. 
It was exceedingly difficult to find appropriate pic-
tures for the experiment. Current magazines were scanned, 
but, to be appropriate for this projective technique, it was 
essential that the picture not only contain mathematical 
symbolism, but also individuals; a teacher and students with 
whom the subject might identify himself. It was hoped that 
this would act as a "catalyst" in the minds of subjects assist-
ing them in writing more freely about the picture. Needless 
to say, very few pictures were found with these qualifications, 
and it was feared that it would be necessary to go to the 
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expense of photographing expressly for this purpose. 
At last the magazine, Technology Review, 1 printed 
such a picture, and it was determined to be appropriate for 
this study. The Massachusetts Institute of Technology kindly 
supplied as many copies of the picture as could be used, and, 
when mounted, it appeared as on page 84 of the appendix. 
With the instrument in order the next task was that of 
administering it to secondary school students. 
1Technology Review (November 1957), back of Front Cover. 
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V. Administration of Instrument 
The instrument was administered to 361 secondary school 
students attending eight high schools in the neighborhood of 
Boston, Massachusetts, and also in several out of state com-
munities. As a matter of courtesy and efficient scheduling, 
all visits to school systems were planned in advance through 
the principal's office. 
It was determined that the most ideal situation would 
be that of a heterogeneous study class. Both girls and boys 
were desired as subjects, and an age spread of fourteen to 
eighteen years expected. Undoubtedl y the reader has already 
sensed that this is an extremely sensitive instrument, at 
least in its present form, and he is therefore not too sur-
prised if better results are obtained in a study hall in lieu 
of a mathematics classroom. The latter would most certainly 
influence the student reaction tremendously. In fact, it 
was found that the very presence of a faculty mathematics 
teacher as a proctor for the hour "cued" many of the students 
to be alert for material of mathematical interest. Whenever 
it was possible, an individual, such as the guidance coun-
selor or administrative assistant, was used to introduce the 
experiment, and handle disciplinary problems. 
In the interest of a more reliable instrument, it 
was felt that as little as possible should. be said in the 
way of oral directions. Answer sheets had been mimeographed 
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in advance, and these were passed around to all the students. 1 
A set of directions printed on this sheet explained that this 
was not a test that would affect t heir academic standi ng in 
any way. It went on to explain t hat there were twenty-six 
numbers listed on their papers and that a corresponding num-
ber of cards would be passed around on which would be found 
simple pen and ink drawings. The student was asked to look 
at each card, take his first reaction to each, and record it 
on his paper opposite the appropriate number. They were admon-
ished not to study the cards, but r ather to take their first 
reaction to each one. If the i ndividual administering the 
test said anything, it would be no more than a re~eat of the 
above remarks. Any mention of the word mathematics would 
greatly affect the results, and, in fact, mention of the word 
'd~oodle' in one instance had a noticeable effect on the 
responses. 
When reactions had been obtained for the twenty-six 
notations, the students were asked to turn their papers over 
2 
on the back. Identical photographs constituting the second 
half of the "test" were passed among them. The administrator, 
in giving directions at this point, requests that each student 
write a sentence or two about what led up to the situation 
depicted in the picture, what was happening at the time the 
1see Appendix A, p. 83. 
2Ibid., p. 84. 
photograph was snapped, and what might be expected to happen 
in the immediate future. Once agai n care must be taken to 
say as little as possible for any additional remarks will be 
sufficient to cause many students to slant their paragraph 
in a manner which they hope is consistent with your implied 
tone or personal feeling. With the completion of this para-
graph, the experiment is finished, and the average time con-
sumed in administration is approximately one half hour for a 
group of thirty students. 
It may be noted that public high schools were used 
exclusively in this study, the reason for this being that it 
is exceedingly difficult to get a group of students together 
in a private school in New England. Their studying is done 
on an individual basis, and it would have caused considerable 
work on the part of the administration to schedule a special 
gathering for the purpose of ·this study. 
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One further comment should be made in regard to the 
administration of such an instrument. There are those students 
who naturally see the overall mathematical pattern developing 
as they progress through the cards. Indeed some students 
actually exclaimed midway through the experiment, "Oh, these 
all have something to do with mathematics." For the most 
part it was said quietly or half under their breath, intended, 
perhaps, for the ears of the passing proctor so only a few 
of their classmates could possibly have heard. As for these 
particular individuals, they certainly must have a certain 
interest in mathematics to have recognized the pattern.so 
J 
the fact that the rest of the cards have more meaning to 
them after this diagnosis is to their credit and in the best 
interest of the experiment. 
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VI. Report of Reactions; Conclusions 
On pages 34 through 65 of this chapter, one will 
find the reactions for each of the notations tabulated. A 
copy of the drawings which evoked these reactions appears 
opposite each listing. It will be noted that the responses 
were categorized under five headings, namely: mathematical 
specific, mathematical general, scientific, general, and no 
response. In the majority of cases, rather distinct pat-
terns developed for each drawing as may be seen at a glance 
from the bar graph. 
To draw many final conclusions from an exploratory 
study of this sort is to invite considerable criticism. 
Effort has been made throughout this thesis to emphasize 
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the experimental nature of the work, but, in this concluding 
chapter, a few additional confessions as to its deficiencies 
and pitfalls are essential. 
As a young mathematics teacher exposed to new and 
exciting methods of teaching both in the classroom and in 
a particularly exceptional high school, I have overdrawn my 
case. A few of the symbolic notations are too difficult for 
the majority of secondary school students, and I need only 
refer to the results of the three dimensional coordinate 
axes or those of the summation notation1 as evidence of this 
1see pp. 45 and 57 
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error in judgment. I do feel, however, that it was better 
. 
to have overestimated the abilities than to have not challenged 
the students at all. With more study perhaps more suitable 
notations can be devised. 
The reader, undoubtedly, has taken exception to the 
arrangement of some of the responses in the five categories 
mentioned above. These were determined in a purely subjec-
tive manner by the author, and, therefore, do constitute 
another area of controversy. The object was to classify all 
the responses as mathematical specific if they delineated a 
concrete mathematical concept or entity whether it was neces-
sarily the most sophisticated one or not, while those re-
sponses which spoke in general terms of mathematics fell into 
the second category. The last three divisions are self ex-
planatory. If you, the reader, call "foul" at this point, 
the author takes defense in the fact that for the most part, 
the patterns which developed were clear-cut, and a further 
study with different notations might relieve the subjectivity 
of the other areas. 
While writing in this vein, it would be well for me 
to say a few words about the photograph used in the second 
half of the study :for the simulated "Thematic Apperception 
Test." This was the best picture that the author could :find 
in print, yet, undoubtedly, a better result would be obtained 
if a photograph or series of photographs were taken specifi-
cally for this purpose. It would be especially advisable to 
30 
include as many members of a class as possible in a "close-
up" shot plus a blackboard on which would be found a mathe-
matics problem. This would allow the interested mathematics 
student to identify himself with the solution of the problem, 
and the less appreciative, or should we say, interested 
student, to identify himself with some personality in the 
class. In short, it would give the picture more balance. 
Having taken myself to task in the preceding para-
graphs, I now feel more justified in advancing my own case, 
and the next step is to suggest how an instrument such as 
this might be used to measure mathematical interest. In all 
that follows we are cautioned to keep the limitations of this 
particular "test" well in mind. In connection with the nota-
tions suppose we were to arbitrarily assign point values to 
the answers as follows: 
Mathematical specific 4 
Mathematical general 3 
Scientific 2 
General 1 
No response 0 
The total possible point score for any individual would then 
be 84 for there are only twenty-one notations for which points 
would be given. Based on this system, the resulting statis-
tics for the people "tested" in connection with this study 
are: 
Arithmetic mean 
Standard deviation1 
Median 
Range 
38.83 
13.53 
35 
71 
Naturally it would be impossible to mention any par-
ticular school or school system in connection with the 
statistics obtained because we have not claimed any validity 
as such. This numerical analysis has been done merely as a 
model to suggest how a rating scale might be devised, and we 
will speak of the subjects used as one heterogeneous group of 
secondary school students. 
It would, of course, be des i rable to perform an item 
analysis on these twenty-one notations. However, in view of 
the exploratory nature of the work, and the admitted fai lure 
of certain of these notations t o produce stable patterns, it 
is not my intention to include such a study in this thesis. 
The results of the second half of the experiment 
proved to be exceedingly interesting. In general, the para-
graphs which the students wrote in connection with the photo-
graph were easily sorted into three divisions. On the one 
extreme we have the individual s who concentrated all their 
attention on the mathematical problem which, in this particu-
lar picture, was on the blackboard. Their paragraphs can be 
characterized by the following quotation taken from one of 
1see computations, Appendix B, p. 85. 
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the anonymous papers: 
A man teaching geometry. Probably explain-
ing that an angle inscribed in a circle equals 
half of the arc it's inscribed in, also that 
tangents from a point outside a circle to the 
same circle are equal. He might also say that 
angle B equals angle A because angle B equals 
one half of the same arc because an angle formed 
by a chord and a tangent equals one-half of the 
intercepted arc. 
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The middle category appeared to be those who simply acknowl-
edged that this picture was taken in a geometry class, and 
that there was some sort of problem on the blackboard. A 
quotation from this group is as follows: 
A teacher listening to a question about the 
geometry problem on the blackboard. He looks 
as if he has answered the question before. 
Finally on the other extreme we have those individuals who 
focused their attention almost exclusively on personalities, 
and often spoke in sympathetic terms about the "kindly old 
professor who is frustrated in his attempts to teach mathe-
matics." A typical paragraph chosen from this group reads: 
An old professor who's been teaching prac-
tically all his life is probably amazed at the 
pupil in front of him who doesn't seem to know 
the problem on the board. It's probably algebra 
or geometry. He's puzzled, yet he's not angry 
because of the way he looks over his glasses. 
Unfortunately, I do not feel that there are a suffi-
cient number of paragraphs to run a correlation between the 
first and second half of the "test." At some schools time 
ran out before the second half could be administered, and, 
in one out of state community, a misunderstanding resulted 
in it not being tried. However, the trend is too striking 
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not to be indicated in some manner, and I have done this by 
means of a summation table. 1 The headings at the top indi-
cate the scores that the individual obtained on the notations 
while the three categories on the left correspond to the 
three divisions into which the paragraphs could be sorted, 
and, for purposes of identificati on, let us say that those 
individuals who attempted to solve the problem on the black-
board are category I; those who merely indicated that the 
picture dealt with mathematics, II; and those who discussed 
personalities, III. It is noted that the first group, I, 
had an average of 53.8 on the first half of this experiment, 
those in group II, an average of 45.9, and those in group III, 
an average of 35.5. If it is possible, as the trend in this 
particular experiment would suggest, to gain insight into 
a person's mathematical interest through projective psycho-
logical techniques, then it would seem that considerable more 
research in this area would be warranted, but more about this 
in the next chapter. 
In the way of concluding remarks, it is obvious that 
the results of this study are not startling; no firm measure 
of mathematical interest has been devised. Yet, the reader 
will perhaps agree that the reactions obtained both from the 
abstract forms and the photograph did produce definite patterns 
which, when more refined, might well produce an instrument 
capable of measuring a student's interest for mathematics. 
1see Appendix B, p. 86. 
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34 
TRIANGULAR AND S~UARE .NUMBERS 
NUMBER CONCEPT 
Totals * 
Mathematical Dots increasing in 
(Specific) triangular and 
square shapes 18 
Arithmetic Pro-
gression 16 
Arithmetic 4 
Pascal's Triangle 2 
Geometric Pro-
gression 2 
Series 2 
Proportional Fig-
ures 1 
45 
I•1a thema tical Pyramidal and 
(General) square shaped dots 35 
Circles 5 
Numbers 4 
Graph 4 
Counting 4 
Geometric figure 4 
Mathematics 2 
Numerical sequences 1 
Symbols 1 
Areas of triangles 
and squares 1 
6I 
Scientific Morse code 1 
Cells multiplying 1 
2 
General Dots 87 
Games {dominoes, 
dice, Chinese 
checkers, etc.) 79 
Cannon balls 20 
Braille alphabet 10 
Design 10 
Formation 4 
Children's blocks 4 
Apples 2 
Test 2 
Flags 2 
Holes 2 
Idiot's delight 1 
0 0 0 0 0 0 0 0 0 0 0 0 
r-l N ~ -=:;t U"\ \.0 1:'- (l) 0'1 0 r-l 
* All totals represent number of pupil responses r-l r-l 
General 
No response 
Eye Card 
Mice 
Number wrong 
Totals 
l 
l 
l 
252 
26 
0 0 0 0 
r-f N 1.'1"\ 
35 
0 0 0 0 0 0 0 0 
~ 1.!'\ I.D t:- ro m 0 r-f 
r-f r-f 
Mathematical 
(Specific) 
Mathematical 
(General) 
Scientific 
General 
No response 
#2 
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CONSTRUCTION OF REGULAR HEXAGON 
Totals 
Figure drawn with 
compass 
Inscribed hexagon 
Arcs with radi us 
of circle as 
radius 
Geometry problem 
Circle 
Arcs 
Mathematical draw-
ing--8th grade 
Diatom 
Mechanical d~awing 
Flower 
Design 
Circle with flower 
design 
Church window 
Beach ball 
Modern art 
Kaleidoscope 
Star 
Pin wheel 
Snow flake 
Pennsylvania 
Dutch design 
Color wheel 
Mess 
Stain glass 
Propeller of 
airplane 
Drawing 
Child's work 
Pottery design 
Butterfly 
Coaster 
41 
23 
2 
66 
55 
4 
2 
1 
62 
1 
1 
2 
88 
46 
46 
15 
5 
4 
4 
2 
2 
2 
1 
1 
1 
1 
l 
1 
l 
1 
l 
l 
224 
7 
0 0 0 0 0 0 0 0 0 0 0 0 
r-i N t'C\ ..;:t- !.!"\ \0 1:- CO 0"\ 0 r-i 
r-i r-i 
1/3 
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OPERATIONS OF ARIT~ffiTIC 
Totals 
Mathematical Plus; times; minus 65 
(Specific) Algebra signs 11 
Symbols of a 
group 1 
Arithmetic 1 
78 
Mathematical Mathematical signs 44 (General) Mathematics 3 
Geometric equation 2 
Fractions _1 
50 
Scientific None 
General Flag 43 
Design (rug, 
shield etc.) 33 
Crosses 29 
Four X' s 15 
Modern art 12 
Foreign language 7 
Road signs 
(traffic) 6 
Communist symbol 5 
Puzzle 5 
Tic Tac Toe 3 
Red Cross 3 
Bible; Church 3 n 
Code 3 
Block printing 3 
Eye test 1 
Grave stones 1 
Ending of a film 1 
Danger 1 
Egypt 1 
Droodle l 
Filter 1 
Roman numeral 1 
Symbols 1 
223 
No response 44 
0 0 0 0 0 0 0 0 0 0 0 0 
r-i N I:<\ .;;t (.{', 1.0 c- OJ <J"' 0 r-i 
r-i r-i 
DUMMY FORM 
See Bar Graph #1 
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See Bar Graph 1/2 
See Bar Graph #3 
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#4 
38 
TWO TANGENTS TO A CIRCLE FROM A POINT OUTSIDE 
Totals 
Mathematical Cone 86 
(Specific) Two Tangents to 
a circle _u 
133 
Mathematical .. Geometry 11 
(General) Circle 3 
Circle & Tri~gle 2 
Circle diameter 
·line 1 
Mathematics 1 
18 
Scientific An ascending 
balloon 8 
Drinking cup 7 
Eclipse 1 
Pendulum 1 
Ball 1 
Parachute 1 
Unfinished Cam 
Lobe 1 
Ball with Triangle l 
Earth with Shadow 1 
Funnel l 
Cylinder l 
Weather balloon. . 1 
25 
General Ice Cream Cone 116 
Clown. 17 
Dunce Cap 11 
Head with hat 12 
Golf ball on tee 3 
Cheerleader's 
megaphone 2 
Duck's head 2 
Spotlight on flea 1 
!'1usic sheet 1 
Witch 1 
Magnifying Glass l 
Full Can 1 
Pinball l 
Tube-like Up 1 
Optical illusion l 
0 0 0 0 0 0 0 0 0 0 0 0 0 
r-f {\J t<\ ~ l.t"' 1.0 t- co 0'\ 0 r-f (\J 
r-f r-f r-f 
39 
Total s 
General Bird 1 
Design 1 
Child ' s drawing 
of Santa 1 
One without 
Depth 1 
Cannon 1 
Top 1 
Looking down a 
gun barrel 1 
178 
No response 6 
0 0 0 0 0 0 0 0 0 0 0 0 · 
r-1 N !<'\ ~ II\ \.0 ['- co 0'\ 0 r-1 
r-1 r-1 
Mathematical 
(Specific) 
Mathematical 
(General) 
Scientific 
General 
#5 
40 
LESS THAN, EQUAL TO, GREATER THAN 
Totals. 
Greater than, less 
thari, equal to 
Mathematical signs 
Angles 
Geometric signs 
Geometry 
Number 
Some type of 
equation 
Lines showing 
force 
Code 
Chemistry equation 
Arcs or electrodes 
Roman numerals 
Two arrows 
Two sideways V's 
Six lines 
Two pencil points 
meet 
Bird .beaks 
Music 
Triangle 
Indian design 
Typing symbols 
Direct opposites 
Two lines that 
meet at middle 
Direction lines 
Bird's footprints 
Zorro 
Colliding guided 
missiles 
eat's ears side-
ways 
Size 
Carets & dash 
Type of writing 
eat's eyes 
Mountains 
64 
16 
13 
7 
4 
1 
1 
42 
2 
1 
1 
1 
5 
59 
20 
15 
12 
7 
7 
6 
6 
6 
4 
4 
4 
4 
4 
4 
2 
2 
2 
1 
1 
1 
1 
0 0 0 0 0 0 0 0 0 0 0 0 
rlNt<'I"¢~\.OC'-<X)O'\Orl 
rl rl 
General 
No response 
Totals 
Marilyn meeting 
Gina 
Shorthand 
Close-up of 
pencil fight 
V-necked sweater 
D\'oodles 
Term paper cor-
rection 
Signals of some 
sort 
Two boats 
Lines; dashes 
Tail lights 
Two street corners 
Accent marks 
Five · 
Noses and mus-
taches 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
l 
186 
63 
41 
0 0 0 0 0 0 0 0 0 0 0 0 
r-iNtc\~U"\I.Dt-COO"'Or-i 
r-i r-i 
#6 
42 
TWO PARALLEL LINES CUT BY f:: TRANSVERSAL 
Mathematical 
(Specific) 
Mathematical 
(General) 
Scientific 
General 
No response 
Totals 
Two parallel lines 
cut by trans-
versal . 
Alternate inter-
ior angles 
Unequal sign 
Transversal 
Geometry 
Two lines inter-
sected 
Bisected line--
geometry 
Algebra 
Angles 
Graph 
Parallelogram & 
Secant 
Mechanical Draw-
ing 
Three different 
lines 
Tic Tac Toe 
Street intersec-
tion 
"H" lying down 
Road; sidewalk 
Sign of Zorro 
Pole vault 
Letter "Z" · · 
Railroad track 
Football goal 
Table for tennis 
Three sticks 
River 
Penmanship slant 
lines 
Spear on two other 
spears 
Crossbar 
-142 
3 
3 
1 
149 
20 
8 
3 
2 
1 
l 
1 
36 
1 
36 
20 
17 
11 
11 
6 
3 
3 
2 
1 
1 
l 
1 
l 
l 
1 
146 
30 
0 0 0 0 0 0 0 0 0 0 0 
Nv\OCOOC\J..;:t\OCOO 
r-1 r-1 rl r-1 rl C\J 
0 
0 
. 
· ' 
DUMMY FORM 
See Bar Graph 1/0 
-· 
> 
. 
• 
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See Bar Graph #4 
-~------------
See Bar Graph 15 
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#7 
43 
GRAPH OF SINE & COSINE FUNCTION 
Totals 
Mathematical Sine; cosine graph 42 (Specific) 
Mathematical Graph 15 (General) Algebra 2 
Right angle; two 
lines 1 
Angles 1 
Equal arcs connected 
& in relative posi-
tion 1 
20 
Scientific Sound waves 39 
Radio waves 16 
Radar 15 
Electrical Graph 5 
Recorded heart 
beat; voice 5 
Wave length 3 
Vibrating string 2 
Chlorophyll strand 
in spirogyra 1 
86 
General Waves 52 
Snake 28 
Designs (borders 
etc.) 24 
Ribbon 23 
Water 6 
Hills 5 
Trailing vines 5 
Curly hair 4 
Doctor's insignia 4 
Turnpike 4 
Roller coaster 4 
Ocean waves with 
pole 3 
Crossed out line 3 
Drunken driver 2 
Nerves 2 
Lines 2 
Curves . 2 
Spiral 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 ri C\1 !<'\ v I.C'\ 1.0 c- ro 0'\ 0 ri C\1 
ri ri ri 
44 
Totals 
General Telephone wires l 
Caterpillar l 
Periscope zeroed 
in on waves l 
Rope l 
Broken T.V. l 
Music l 
180 
No response 39 
0 0 0 0 (') 0 0 0 0 0 0 00 
~ (\J t<\ ~ 11"'1 \.0 t- ro <J'I 0 MN 
M ~~ 
1/8 
45 
THREE DIMENSIONAL COORDINATE SYSTEM* 
Totals 
Mathematical Graph 9 (Specific) Parallelogram of 
which the area 
is t o be found 2 
Vector par allelo-
gram 2 
Parallel ogram 2 
Parallelogram di-
vided by lines l 
Vertical angles 1 
Parallel & perpendi-
cular lines 1 
A series of paral-
l el lines cutting 
off equal segments 
on t wo lines l 
Line perpendicular 
to a plane 1 
Squares with lines 
parallel to each 
other 1 
Geometric construe-
tion 1 
A graph marked off 
i n squares showing 
distance up down 
and two directions 
sideways l 
Illustration of per-
spective in two 
planes l 
Relating lines in 
a solid plane 1 
Plotting on a graph l 
Many parallel lines 
cut by many trans-
versals l 
27 
Mathematical Squares 8 
(General) Triangles 2 
Mathematical prob-
lem 1 
Transacting of 
lines l 
0 0 0 0 0 0 0 0 0 0 0 0 
*Notation proved to be an exceedingly r-1 N l'l"\ ..;t- U"\ "' 
t- CX) 0"1 0 r-1 
poor choice~ No real patterns appeared, r-1 r-1 
and the responses are simply listed as 
part of the record. 
46 
Tot al s 
Mathematical Bunch of squares 1 
(General) Geometric const r ue-
tion 1 
Graph paper 1 
Squares being 
completed 1 
16 
Scientific Radar 2 
Lead plate i n 
battery 1 
Oscilloscope re-
cording 1 
Mechanical drawing 1 
3rd view of di vided 
platform 1 
6 
General Floor pattern 144 
Roof 29 
Screen 27 
Checkerboard 15 
Grate 5 
Sidewalk 5 
Part of T.V. an-
tenna 4 
Window 3 
Tennis net 3 
Blocks 3 
Straight l i ne with 
screen on it 2 
Square made of 
little square 2 
Playing fiel d f or 
game 2 
Ocean 1 
Chicken wire 1 
Net 1 
Table top 1 
Ventilation 1 
Diamond 1 
Sectioned runway l 
Hot air vent 1 
Lines going across 
and slantwise 1 
Fence 1 
0 0 0 0 0 
N 1.0 co 0 
rl rl (\J 
47 
Totals 
General Chart 1 
Design 1 
Football stadi um 
with flagpole 1 
Square divided by 
br oken line l 
Squares; lines 1 
Marking off squares l 
Half framed build-
ing blown over by 
wind · l 
Basketball court l 
Floor mat 1 
Street corner 1 
264 
No response 23 
0 0 0 0 0 0 0 0 0 0 0 0 
rl C\J t<"\ <::T l!\ 1.0 1:'- co ~ 0 rl 
rl rl 
Mathematical 
(Specific) 
Mathematical 
· (General) 
Scientific 
General 
BRACKETS AND PARENTHESES 
Brackets & 
Parentheses 
Algebra enclo-
sures 
Multiplication 
within multi-
plication 
Algebra signs 
Algebra 
Symbols 
Mathematical 
signs 
Equation in com-
plex form 
Trigonometry 
Geometry 
Factoring 
Sound waves 
Electrical wav~s 
Brackets of Eng-
lish comp. 
Punctuation 
Design 
Different lines 
Including things 
within 
Platter 
Camera shutter 
Microscope 
Frames 
Indian warpaint 
Un£inished draw-
ing 
Totals 
162 
13 
2 
177 
30 
23 
13 
8 
2 ' 
l 
1 
1 
. 79 
1 
1 
2 
23 
22 
4 
4 
3 
2 
2 
1 
1 
1 
l 
Series of mirrors ; 
pictures 
Shorthand 
Confinement 
Types of T.V. 
screens 
1 
1 
1 
1 
1/9 
48 
General 
No response 
Child's drawing 
Archery 
Rug 
Box 
Typing 
Eye with various 
coverings 
Greece 
Totals 
1 
1 
1 
1 
1 
1 
1 
75 
30 
49 
0 0 0 0 0 0 0 0 0 0 0 0 
r-iC\Jt<'\"'d"t.ni,OC'-CX)O"'Or-i 
r-i r-i 
#10 
50 
INTERSECTION OF TWO SETS 
Totals 
Mathematical Boolean Algebra 5 (Specific) Intersection of 
two ellipses 4 
Area of an ellipse 1 
10 
Mathematical Two intersecting 
(General) circles 40 
Ellipses 3 
Isometric circles 1 
Eclipse of an 
ellipse 1 
Scientific Partial eclipses 
formed by heavenly 
bodies 2 
Projected drawing 
of eggs 1 
Two filters eclipsed 1 
Two cells splitting 1 
Polaroid lenses 1 
Ovals colored where 
joined 1 
Amoeba 1 
8 
General Eggs 98 
Crosseyed person 63 
Ballantine beer 29 
Eyes 35 
Overlapping ovals 20 
Eggs with black 
ends 15 
Headlights 4 
Designs 2 
Glasses 1 
Bolt 1 
Number "8" 1 
Clown l 
Bad case of ''Late 
"Show" eyes 1 
266 
No response 31 
0 0 0 0 0 0 0 0 0 0 0 0 
...; N ['('\ -.:;t- II' 
"" 
r:- ro 0'> 0 ...; 
...; ...; 
/ 
/ 
/ 
/ 
See Bar Graph #7 
See Bar Graph #8 
·. 
See Bar Graph /19 
See Bar Graph #10 
·. 
I • 
#11 
51 
PYTHAGOREAN THEOREM 
Totals 
Mathematical Pythagorean theorem 48 
(Specific) Three squares & one 
. right triangle 23 
Flat view of solid 1 
Square & two poly-
gons 1 
Intersection of 
three non-parallel 
planes 1 
74 
Mathematical Geometric figures 22 
(General) Mathematics 4 
30°, 60°, goo tri-
angle 3 
Hypotenuse 2 
Angles l 
Pyramid l 
Figure with at 
least two right 
angles 1 
34 
Scientific Mechanical drawing 23 
Offset engine 
block 1 
24 
General Box 68 
Open carton 68 . 
Different type 
squares 17 
Children's blocks 16 
Optical illusion 6 
Flip top box--jack 
in box 5 
Folded paper 5 
House with two 
chimneys 4 
A "Y" 4 
Envelope 3 
Kite 2 
Squad formation 1 
Lighter 1 
Pin Wheel 1 
House hit by hurri-
cane 1 
Ten lines l 
203 
No response 25 
Bost on Univeraicy 0 0 0 0 0 0 0 0 0 0 0 0 0 
School of Educatio~ rl C\J 
['(\ 
...::!- In 1.0 t- <D ~ 0 rl C\J 
rl rl rl 
Library 
#12 
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BIUNIQUE CORRESPONDENCE OF POINTS ON LINE 
Mathematical 
(Specific) 
Mathematical 
(General) 
Scientific 
General 
Totals 
Pyramid 
Triangle 
Bisected; tri-
sected triangles 
Triangle with lines 
drawn parallel to 
base 
Isoceles triangle 
Parallel lines 
Triangles with 
medians 
109 
43 
16 
9 
2 
1 
Triangle & Trapezoid 
Proportion 
l 
1 
1 
Geometry 
Fifth dimensional 
triangle 
Towering triangle 
Triangle with per-
pendicular 
182 
2 
1 
1 
1 
5 
Perspective of high-
way etc. 59 
Geometric progres-
sion for candle-
power 
Mechanical drawing 
Reflecting sun's 
rays 
Space 
1 
1 
1 
1 
63 
Road 60 
View of huge build-
ing 9 
Tent 5 
Shuffleboard court 3 
Hallway 3 
Egypt 2 
Stained glass win-
dow 2 
Floor 2 
Railroad 2 
Factory wall 1 
0000000000000 
rl (\J t<\ "'"' LC\ "' 1:'- co 0'1 0 rl (\J 
rl rl rl 
53 
Totals 
General Optical illusion 1 
Greenhouse 1 
Tombstone 1 
Walk into future 1 
"Yield right of 
way" 1 
Triangular house 
...1 
95 
No response · 15 
0 0 0 0 0 0 0 0 0 0 0 0 
r-1 C\J t"\ .q- Lr\ 
"' 
t- co 0'\ 0 r-1 
r-1 r-1 
#13 
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DIHEDRAL ANGLE 
Totals 
Mathematical Planes perpendicu-
(Specific) lar t o each other 9 
Sfatial relations 
section) 2 
Intersection of a 
plane by t wo di-
hedral angles 2 
13 I 
Mathematical Solid geometry 16 
(General) Parallelograms 5 
Line parallel to 
plane 2 
Planes 1 
Angles 1 
25 
Scientific Rocket 9 
Mechanical drawing 1 
10 
General Books ; magazines (open) 164 
Folded paper 27 
Cards 16 
Paper 10 
Optical illusion 9 
Architectural de-
sign 9 
Revolving door 7 
Reflection in 
mirror 5 
Modern art 2 
Pages 2 
Chinese lantern 1 
Wheat thresher 1 
Jail 1 
Ship 1 
Air vent 1 
Toy l 
Box 1 
Many sides 1 
259 
No resEonse 52 
• I 
0 0 0 0 o · o 0 0 0 0 0 
C\J -.::t ~ co 0 C\J -.::t ~ co 0 
rl rl rl rl rl C\J 
' J 
DUMMY FORM 
See Bar Graph #11 
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. 
. 
; 
/ 
r 
See Bar Graph #12 
See Bar Graph #13 
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55 
CYCLOID 
Totals 
Mathematical Cycloid 15 (Specific) Parallel lines, 
spheres, arcs 10 
Parallel lines, . cir-
cles & cissoid _2 
28 
Mathematical Circles with lines 55 (General) Geometry problem 14 
Locus of centers 
of circles 5 
Graph 3 
Locus of points 2 
Tangents 2 
Hoops & sine curve 1 
82 
Scientific Centrifugal force 1 
Leverage problem 1 
Motion 1 
3 
General Design 52 
Bouncing ball 37 
Locomotive wheels 33 
Bowling 17 
Owl's eyes 9 
Balls in container 9 
Headlights (car) 5 
Fender well 3 
Crosseyed man 2 
D\'oodle 2 
Bridge 2 
Porch rail 2 
Mechanical drawing 2 
Pinball machine 2 
Ovals 1 
Stone wall 1 
Insect 1 
Pogo 1 
Clown in circus jumping barrels 1 
Glasses on nose 1 
0 0 0 0 0 0 0 0 0 0 0 0 0 
.-; N !<'\ v ~ \0 r- <X) 0"1 0 .-; N 
.-; .-; .-; 
56 
Totals 
General Mustache 1 
Penmanship exer-
cise 1 
Modern building 1 
View of Drunk 1 
188 
No response 59 
·I 
0 0 0 0 0 0 0 0 0 0 0 0 
r-1 (\J ['(\ oo:::t l!\ \.0 t- co 0"1 0 r-1 
r-1 r-1 
#15 
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SUMMATION OF AB 
--
Totals 
Mathematical Sum of AB 5 (Specific) Algebraic numbers 1 
6 
Mathematical Algebraic signs for 
(General) formula 20 
Mathematical sym-
bols 11 
Equation 4 
Letters to base i 3 
Geometry 2 
Descarte ·~ Law 1 
Imaginary quanti-
ties 1 
Trigonometry 1 
"3" to i power 1 
44 
Scientific Formula 11 
Chemistry 4 
Biological code 3 
Two atoms of a and 
b 2 
Drafting 1 
2I 
General Letters 102 
Alphabet 60 
Greek 42 
Eye test 7 
Foreign language 6 
Initials 5 
Reconstruction of 
form 5 
ABC's 5 
EAB 5 
Kindergarten 5 
Russian ·Zorro 3 
Chinese 3 
Unrelated letters 2 
Hieroglyphics 1 
Equals A and B 1 
Printing press 1 
Ending of film 1 
Fraternity l 
Baby Blocks 1 
Child's Painting 1 
Language 1 
258 
No response 27 
0 0 0 0 0 0 0 0 0 0 0 0 0 
r-l (\J t'('\ v U"\ \.0 t- co a-. 0 r-l (\J 
r-l r-l r-l 
Mathematical 
(Specific) 
Mathematical 
(General) 
Scientific 
General 
No response 
#16 
58 
GRAPHIC SOLUTION OF CUBIC EQUATION 
Totals 
Hyperbolas & 
Parabolas 
Graph of an unusu-
al equation 
Graphs of equations 
Graphs 
Mathematical signs 
Algebra 
Geometric figure 
One bisector with 
different lines 
through them 
Geometric function 
Mechanical drawing 
Roadway cloverleaf 
Lines 
Finger 
Modern art 
Design 
Wires 
Hairpin turn 
Map 
Railroad track 
Two sidewalks & 
street 
A street 
Horseshoe magnet 
Chair 
Music letters 
Two corners 
Cross with curved 
line 
Double exposure 
Croquet game 
Fun house 
Tic tac toe 
Hairpin 
Checkerboard 
Roller coaster 
Figures 
T.V. antenna 
Angle of door 
Butterfly 
40 
5 
2 
47 
39 
3 
2 
1 
1 
1 
47 
1 
99 
31 
12 
7 
5 
5 
5 
3 
3 
3 
3 
2 
2 
1 
1 
1 
1 
1 
1 
1 
l 
1 
1 
1 
1 
l 
1 
194 
71 
0 0 0 0 0 0 0 0 0 0 0 0 
.-fC\Jt'llvi.!"\1.01:'-CO"'O.-f 
,-; ,-; 
..... ~ 
/ 
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DUMMY FORM 
See Bar Graph #14 
~· . 
' / 
, . 
See Bar Graph #15 
0 l 
See Bar Graph #10 
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59 
PI 
Totals 
Mat hematical Pi 161 
(Specific) 
Mathematical Two parallel lines 
(General) with an adjoining 
one 21 
Sign in Algebra 9 
Mathematics 8 
Equals 3 
Geometry 2 
Almost parallel 
lines 1 
Ratio 1 
Area 1 
46 
Scientific None 
General Top Hat 31 
Two letter T's 25 
Lines 17 
Two Poles 7 
Table talk pies 3 
Dead end 3 
New paragraph 3 
Road intersection 
on a hill 3 
Fence 2 
Street 2 
Roman numeral 2 
A brand 2 
Song note 1 
Leg with thin foot 1 
Tees 1 
Saddle on a horse 1 
High bar 1 
Ship 1 
Swing 1 
Part of a chair l 
Hairpins 1 
House 1 
Pillar that's not 
straight 1 
Sidewalk running 
into road 1 
0 0 0 0 0 0 0 0 0 0 0 
N ~ \0 co 0 N ~ \0 co 0 
H H H H H N 
60 
Totals 
General Modern art 1 
Rain 1 
Modern table 1 
Roller coaster 1 
Hill 1 
Stool 1 
Sled path 1 
Fall plant 1 
I20 
No response 33 
0 0 0 0 0 0 0 0 0 0 0 0 
rl C\1 tc"\ .q- l!"'\ \.0 c- ro 0"\ 0 rl 
rl rl 
#18 
61 
UNIT CIRCLE; TRIGONOMETRY 
Totals 
Mathematical Circle with chords, 
(Specific) tangents; secants 33 
The unit circle 4 
A tangent; secant 3 
Trigonometry l 
41 
Mathematical A geometry original 37 (General) Different geomet-
ric figure 22 
Circle; triangle; 
square 16 
Geometry 15 
Divided circle 15 
Congruent triangles 6 
Geometric angle 5 
Algebra 2 
Triangle 2 
Alternate interior 
angles l 
Parallel l 
Circle and cone 1 
Inscribed triangle 
in circle 1 
124 
Scientific Satellite 13 
Propeller 2 
Aerodynamics 2 
Gear on train 1 
Steering wheel 1 
Atomic 1 
Gun site 1 
Mechanical drawing 1 
Museum of Science, 
Boston 1 
Observatory l 
24 
General Circle design 36 
Floor plan 6 
Lines 5 
Wheel with defects 5 
Ears (of an animal) 5 
Lady with hat 3 
0 0 0 0 0 0 0 0 0 0 0 0 
rl N ~ v ~ \.0 I:'- 00 m 0 rl 
rl •ri 
62 
Totals 
General Ob jects revolving 2 
Scientific 2 
Flaps on a ball 2 
Broken windmill 2 
Signs 1 
Points 1 
Cat 1 
Lock 1 
Top 1 
Blocks 1 
Modern Art 1 
Optical illusion 1 
Road map 1 
Broken telescope 1 
Stairs 1 
Jigsaw puzzle 1 
"High s ign" 1 
D~oodle 1 
Modern music 1 
Diamond 1 
Flat tire 1 
86 
No response 85 
0 0 0 0 0 0 0 0 0 0 0 0 , C\1 !('\ .q- 1!'1 1.0 t- co 0'1 0 , , , 
#19 
63 
FUNCTION OF ~ 
Totals 
Mathematical Function of X 36 (Specific) F "sub" X 1 
37 
Mathematical Algebra 82 (General) F times X 39 
Formula 10 
Mathematical signs 5 
Multiplication 5 
Factoring 3 
Geometry problem 2 
146 
Scientific Function o:f atoms 1 
Code 1 
2 
General Lettering 75 
Reproducing form 35 
Word "fox" with 
o miss ing 9 
Fix 7 
Design 2 
Foreign language 2 
Embroidery 2 
Appositives 1 
Latin 1 
Photograph 1 
Arabic 1 
Hangover 1 
Art 1 
Drugstore l 
Music 1 
Polar form 1 
Dk-ood1e 1 
Filene's symbol 1 
Lucky strike 1 
Wrong 1 
Wavy lines l 
Krushchev 1 
Fable l 
Chinese 1 
149 
No response 23 
0 0 0 0 0 0 0 0 0 0 0 0 
r-1 N l'l"'l 
"""" 
~ 1..0 r:- co 0'\ 0 r-1 
r-1 r-1 
; 
,' 
.. 0 
See Bar Graph #17 
DUMMY FORM 
·. 
I • 
; 
I 
.. 
See Bar Graph #18 
See Bar Graph #19 
#20 
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NON PARALLEL LINES 
Mathematical 
(Specific) 
Mathematical 
(General) 
Scientific 
General 
No response 
Totals 
Two lines--not 
parallel 
Diverging; con-
verging 
Approx. 160° & 
180° lines 
Parallel* 
Unequals 
Mathematics 
Angle 
Infinity* 
Perspective of 
narrowing road 
Length 
Not in perspective 
111 
2 
2 
115 
12 
3 
2 
2 
1 
20 
8 
1 
1 
10 
Lines 96 
Road 40 
Bad railroad track 11 
Two sticks 10 
Sidewalk 5 
Leg 2 
Mistake 2 
T.V. antenna 2 
Curve in raceway 2 
Vapor trail 1 
Space 1 
Vise 1 
Runway 1 
Coming to close 1 
Swing 1 
Blackboard 1 
Two pool cues 1 
Lightning 1 
Pretzel 1 
Hill 1 
Ice skate l 
Ladder with no rungs 1 
Shooting object 1 
184 
31 
0 0 0 0 0 0 0 0 0 0 0 0 0 
rl C\J !<'\ v r..n 1.0 t- CX) 0"1 0 rl C\J 
*An exceptionally difficult item. The r--i rl rl 
subject has been given the benefit of 
the doubt. 
#21 
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PYRAMID (SOLID FIGURE) 
Totals 
Mathematical Pyramid, Prism 59 (Specific) Geometry original 24 
Diagonal of quadri-
lateral 18 
Three dimensional 
figure 7 
Trapezoid 5 
Similar triangles 1 
Quadrilateral with 
triangle 1 
113 
Nathematical Triangle 15 
(General) Wedge 2 
Converging lines 1 
18 
Scientific Triangle casting 
shadow 1 
General Kite 176 
Diamond 6 
Squares 1 
Baseball field 1 
Knife blade 1 
Water 1 
Lopsided picture 1 
Floor plan 1 
Time 1 
Pie 1 
Tent 1 
Boat 1 
Three cornered 
mountain 1 
Folded paper 1 
.Piece of glass 1 
195 
No response 33 
0 0 0 0 0 0 0 0 0 0 0 
C\1 '<::t' 1..0 co 0 C\1 
""'" 
1..0 co 0 
r-1 r-1 r-1 r-1 r-1 C\1 
Bar Graph /120 See 
Bar Graph ./121 See 
... 
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VII. Suggestions for Further Study 
Regardless of the notations used, the task of item 
analysis would have to be accomplished in the process of 
developing an instrument actually applied in the measurement 
of mathematical interest. For truly effective administra-
tion it would be essential that the teacher know which nota-
tions discriminate between the various levels of interest 
identified. Furthermore, item analysis would assist in the 
process of discarding undesirable configurations, and, there-
fore, in the development of a better instrument. 
This leads to the ambitious job of correlating scores 
obtained on a "test" such as described in this thesis with 
an individual's mental age. If the levels of abstraction 
attainable have been identified by means of an item analysis, 
what range of IQ's correspond to these various levels? Of 
course, this would entail a long and detailed study. It 
would necessitate the collection of considerable data about 
each subject used in the experiment, and would perhaps re-
quire several years of observation before truly significant 
results could be obtained. 
The Thematic Apperception approach which was utilized 
in the second half of this experiment would appear to offer 
fertile soil for further development. Do the responses of 
individuals actually have a significant correlation with 
67 
their test scores; either an interest test such as this or a 
battery of aptitude tests? The .trend indicated in this study, 
although not conclusive, would seem to suggest that this 
might be true. A whole series of photographs might be taken 
for this purpose. Certainly not more than three different 
photographs should be given to a subject at one sitting for 
the individuals would tire of the procedure, and effective 
responses will be lost. As was suggested in the previous 
chapter, a problem of mathematical interest to high school 
students as well as numerous, di stinct personalities should 
be included in the photographs used. 
Would it be possible to diagnose the difficulties of 
under achievers in mathematics through the employment of 
some such Thematic Apperception Technique? If the causes 
of their difficulties are inherent in the classroom soci ety, 
then perhaps a study which establishes characteristic pattern 
responses for numerous individuals would help in such cases. 
Student reaction in connection with certai n new teach-
ing methods or techniques in mathematics might well be 
evaluated more accurately by some such "thematic" approach. 
Photographs depicting the essence of a new technique could 
be made in a typical classroom. When responding to these 
pictures, students might well serve the double purpose of 
evaluating the effectiveness of the new procedure. 
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Age...;.·--:------
Grade . 
Sex , __ 
DIRECTIONS: Pl_~-~f:l .e. . fill in your _ag~, g:rade, and sex above in the 
spac,e· pro~ided. You will notice twenty-six n~bers listed. below 
on this sheet. A corresponding number of cards will be passed 
around on which will be found simple : drawings. Look at the cards, 
and write your first react~on to each opposite t.t'le appropriate 
number. Do not ~~udy the cards; take your first re'action, and 
pass the card on to your neighbor·. This is not a test, and wii1 
not affect your academic sta nding in any way. 
-----------4--------------~------
14. 
15~ 
16. 
4 . 17. 
5. 18. 
l9~ 
7. 20. 
8. 21. 
9. 22. 
10. 23. 
11. 
25. 
13. 26. 
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Scores 
7.5- 12.5 
12.5- 17.5 
17.5- 22.5 
22.5 - 27.5 
27.5- 32.5 
32.5- 37._5_ 
37 .5 - 42.5 
42.5 - 47.5 -
47.5 - 52 ._5 
_5_2.5 - 57.5 
57.5 - 62.5 
62 .5 - 67.5 
67.5- 72.5_ 
72.5 - 77.5 
77.5- 82.5 
'-------
STANDARD DEVIATION COMPUTATION 
... 
f Coded l'iid 
fm2 Frequency Values fm 
2 
-7 -14 98 
0 -6 0 0 
21 
-5 -105 525 
42 -4 -168 672 
60 
-3 -180 540 
46 -2 -92 184 
51 -1 -51 51 
36 0 0 0 
29 l 29 29 
28 2 56 112 
20 3 60 180 
14 4 56 224 
_9 5 45 225 
2 6 12 72 
1 7 7 49 
361 
-345 2961 
I: f"' r .f ... ~ 
m=--- • J 
S = ~~r:~.., .. - (C~•)" 
n-\ 
= s J a q" - (-''iS) a 
1C.\ 
'"0 
s = 1~.5"3 
CD 
V1 
RELATION OF CONTENT OF WRITTEN PARAGRAPHS TO SCORES ON NOTATIONS 
(80) (75) (70) (65) (60) (55) (50) (45) (40) (35) (30) (25) (20) (15) (10) Avg 
Categories 
82-7877-7372-6867-6362-5857-5352-4847-4342-3837-3332-2827-2322-1817-1312-8 
Problem 
Study 
Identifi-
cation 
of 
Situation 
Personal-
ity 
Study 
3 
2 
2-
2 4 2 
5 6 8 
3 5 
4 3 1 1 1 
8 14 7 9 5 4 1 
7 6 17 16 29 15 9 1 
53.8 
45.9 
35.5 
()) 
0"1 
87 
BIBLIOGRAPHY 
Abt, Lawrence E., and Leopold Bellak, Projective Psychology. 
Alfred A. Knopf, New York, 1952. 
Allen, Robert M., Introduction to~ Rorschach Technique. 
International Universities Press, Inc., New York, 
1953. 
Boring, Edwin G., Herbert S. Langfeld, and Harry P. Weld, 
editors, "Personality and Attitudes and Opinions," 
Chapters XXI and XXIV respectively, in Foundations 
of Psychology. John Wil ens & Sons, New York, 1948. 
Briggs, Thomas, and others, The Emotionalized Attitudes . 
Bureau of Publications, Teachers College, Columbi a 
University, New York, 1940. 
Dantzig, Tobias, Number, The Language of Science. Double-
day Anchor Books, Doubleday & Co. Inc., New York, 
1956. 
Haig, James, Symbolism. Willi am Blackwood & Sons, Edin-
burgh & London, 1869. 
Katz, Daniel, and Floyd H. All port, Student's Attitudes. 
The , Craftsman Press, Inc., Syracuse, New York, 1930. 
McCl elland, David c., Personality . The Dryden Press, New 
York, 1951. 
NcClelland, David C., John W. Atki nson, Russell A. Clark, 
and Edgar L. Lowell, The Achiev.ement Motive. Apple-
ton-Century-Croft, Inc . , New York, 1953. 
Remmers, H. H., Introduction to Opinion and Attitude Measure-
~· Harper Bros., New York, 1954. 
Rorschach, Hermann, Psychodiagnostics. W. Morgenthaler, 
editor. Verlag Hans Huber, Berne, Switzerland. Trans-
lation and English Edition by Paul Lemkau and Bernard 
Kronenberg. Distributor for United States, Grune & 
Stratton Inc., New York, 1949. 
Terman, Lewis M., and Maud A. Merri ll, Measuring Intelli-
gence. Houghton Mifflin Co., Cambridge, 1937. 
Thorndike, Edward L., The Psychology of Wants, Interests 
and Attitudes. D. Appleton-Century Co., New York, 
London, 1935. 
- f ·. 1 
-... . .,. ··~. + 
/ ': 
\ 
Thurstone, L. L., and E. J. Chave, The Measurement of 
Attitudes. University of Chicago Press, Chicago, 
1929. 
Tomkins, Silvan s., The Themat i c Apperception Test. Grune 
& Stratton, New-York, 1955. 
88 
Wilson, Margaret Boyd, The Value of the Rorschach Technique 
in Guidance Counseling. Unpublished Thesis, Boston 
University School of Education, 1942. 
) 
